ABSTRACT Nerve growth factor (NGF), a hormone-like regulator of sympathetic neuron ontogeny and metabolism, affects its target cells initially by associating with specific plasma membrane receptors. We have solubilized the NGF receptor of adult rabbit superior cervical ganglia (SCG) with the nonionic detergent Triton X-100. The high-affinity equilibrium binding constant of the detergent-extracted receptor is 2-8 X 10-10 M. Gel chromatography of the receptor or the 125I-labeled NGF-receptor complex on a column of Sepharose 6B indicated, in both cases, a single component of an apparent hydrodynamic radius of 71 ± 5 A. In parallel investigations, we have confirmed the similarity between the hydrodynamic size of the NGF receptor of rabbit SCG and that of the insulin receptor of IM-9 lymphocytes evaluated by similar methods. Nerve growth factor (NGF) is a hormone-like polypeptide that is responsible for the growth, development, and maintenance of the sympathetic nervous system. As with other substances of related function, it appears that the first step is the association of the factor with a specific recognition site (receptor) on the surface of responsive cells (1). The binding characteristics of this receptor from both sympathetic and sensory neurons have been extensively studied (2-4) and Banerjee et al. (5) have shown that the NGF receptor can be extracted from the cell surface by nonionic detergents without loss of its ligand binding activity. In this report we present the binding characteristics and apparent molecular size of the NGF receptor extracted from rabbit superior cervical ganglia (SCG) with the nonionic detergent Triton X-100.
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MATERIALS AND METHODS
Preparation of NGF and 125I-Labeled NGF (1251-NGF). 2 .5S NGF was prepared from mouse submaxillary glands according to the method of Bocchini and Angeletti (6) . 125I-NGF was prepared by a modification (5) of the Bolton and Hunter (7) technique. A mixture of 5 mCi (1 Ci = 3.7 X 101 becquerels) of 12'I-labeled Bolton-Hunter reagent (New England Nuclear; specific activity, 1500 Ci/mmol) and 1 nmol of 2.5S NGF in 10-20 1.l of ice-cold 0.1 M borate pH 8.5 buffer was allowed to react for 10 min. Then the reaction was stopped with 100 1.l of 0.5 M glycine in borate buffer. Iodinated NGF was separated from other components of the reaction mixture by chromatography on Sephadex G-25 (fine; 1 X 16 cm). 125I-NGF was 95-98% trichloroacetic acid-precipitable and 90-95% immunoprecipitable. Incorporation of labeled reagent varied from 20 to 40%; specific activities varied from 900 to 2000 cpm/fmol ,uCi/,ug; up to 0.5 mol of reagent per mol of NGF). Higher specific activities could be obtained by increasing the reaction time; however, this was attended by damage to the NGF as judged by higher nonspecific binding in the radioreceptor assay.
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In order to minimize background and nonspecific radioactivity associated with the soluble NGF receptor assay and to use only chromatographically monocomponent-labeled NGF in studies requiring gel filtration of 125I-NGF, aliquots of labeled peptide were thawed and passed through a column of Bio-Gel P-100 (1 X 20.0 cm) equilibrated with bovine serum albumin at 1 mg/ml/136 mM NaCl/4 mM KCI/0.05 M Tris-HCI, pH 7.5. Radioactivity eluting in a position corresponding to an approximate molecular weight of 27,000 (50-70% of applied radioactivity) was pooled and used in all experiments. Radioactivity eluting in the void volume consisted of 125I-NGF which was associated with 3-fold higher nonspecific binding in preliminary NGF receptor assays and was therefore discarded. Fresh 125I-NGF was prepared every 3 weeks.
Preparation of Soluble NGF Receptor. A plasma membrane-enriched microsomal subfraction of mature rabbit SCG obtained frozen from Pel-Freez was initially prepared according to previously described methods (4) . To prepare microsomes, 200-400 SCG were Polytron-homogenized at 4°C in 0.32 M sucrose/110 mM NaCl/10 mM CaCl2 and processed by the serial centrifugation protocol shown in Fig. 1 . Microsomes (P3) were solubilized in 1% (vol/vol) Triton X-100 at room temperature for 30 min; the incubation mixture was then centrifuged at 100,000-300,000 X g (similar results) for 1 Fig. 4 ) of known Stokes radius were determined by chromatography under conditions identical to those used for receptor chromatography. These standard proteins were obtained from the literature (11) and were linearly related to (-log Kay)'/2.
To compare the Stokes radius of the NGF receptor with that of the insulin receptor, IM-9 lymphocytes (12) were kindly provided by James R. Gavin III (Metabolism Division, Washington University School of Medicine). Detergent extracts of these cells were prepared and the Stokes radius of the extracted insulin receptor was determined in a manner similar to that used to determine the size of the 125I-NGF-receptor complex.
25jI-Labeled insulin (specific activity, 300 gCi/,ug) was prepared according to a modified lactoperoxidase technique (13) using Enzymobeads (Bio-Rad).
Commercially obtained reagents, peptides, and chemicals were as follows: reagent grade Tris, Hepes, beef heart cytochrome c (90-100% pure), bovine serum albumin (RIA grade), polyethylene glycol 6000, and bovine gamma globulin (99%, Cohn fraction II), Sigma; except for f3-galactosidase (Escherichia coli, grade IV, Sigma), chromatographic standards (aldolase, catalase, ovalbumin, bovine serum albumin) were obtained from Boehringer Mannheim; porcine insulin, Eli Lilly; Triton X-100, Rohm and Haas; human growth hormone was kindly provided by James R. Gavin III.
RESULTS
Preparation of Triton-Extracted NGF Receptor. Rabbit SCG were selected as a source of NGF receptors after evaluation of several potential sources including embryonic chicken sensory ganglia, mature rat sympathetic ganglia, and porcine adrenal medulla. Although each source contained NGF receptors with affinity binding constants in the 10-10 M range, only mature rabbit SCG tissue could be readily obtained in relatively large amounts and contained NGF receptors in high concentrations. Although the plasma membrane-enriched neuronal subfraction (P3, Fig. 1 ) used in preparing the soluble receptor preparation contained only 1-2% of the protein in the crude ganglionic homogenate, it had greater than 80% of the receptor binding activity. Triton X-100 at a concentration of 1% (vol/vol) solubilized 50-60% of P3 protein in 30-45 min when the protein concentration was <4 mg/ml; at concentrations of microsomal protein above this, higher detergent concentrations were required for comparable solubilization.
Binding Characteristics of the Detergent-Extracted Receptor. A typical competitive binding experiment of the Triton-extracted NGF receptor, in which aliquots of Triton extract were incubated with 0.1 nM 125I-NGF alone and in the presence of increasing concentrations of unlabeled NGF, is depicted in Fig. 2 left. Approximately 80% of the labeled NGF that was bound to the detergent extract in the absence of unlabeled NGF could be prevented from binding by the presence of 1 ,AM NGF; this percentage constitutes the specific binding to the receptor. In contrast to the effects of 1 ,uM NGF, similar concentrations of porcine insulin, cytochrome c, and human growth hormone were without effect on the binding. The corresponding Scatchard analysis of the competitive binding data is shown in Fig.  2 right. The inset shows the high-affinity region of the curve on a 12-fold expanded abscissa; the equilibrium binding constant, calculated from the slope, is 6.1 X 10-10 M. In numerous experiments, under various conditions, the equilibrium binding constant varied from 2 to 8 X 10-10 M. This range of affinity is similar to that reported for the plasma membrane-associated receptor in sensory (2, 3) and sympathetic ganglia (4) .
Chromatography of the Detergent-Solubilized NGF Receptor. The chromatographic behavior of the NGF receptor is depicted in Fig. 3 . When the receptor-containing Triton extract was incubated with 0.1 nM 125I-NGF, a small peak of radioactivity eluted at fraction 48, corresponding to a partition coefficient (Kay) of 0.36, and was clearly distinguishable from the much larger peak of free 125I-NGF. The smaller peak of radioactivity was greatly decreased when the chromatographed incubation mixture contained 1 ,uM unlabeled NGF or when 125I-NGF was chromatographed alone. These findings suggest that the smaller peak of radioactivity represents the elution position of the '25I-NGF-receptor complex. In order to confirm that this peak corresponds to the receptor, the Triton-extracted protein of SCG containing the NGF receptor was chromatoBiochemistry: Costrini graphed and the elution position of the NGF receptor was determined by application of the soluble receptor assay. As shown in Fig. 3B , a large peak of 125I-NGF specific binding occurred at fraction 46 (Kay = 0.34). A smaller peak of specific activity was occasionally seen just after the void volume and presumably represents aggregated receptor-containing material. In contrast, a comparable peak near or at the void volume was rarely seen in the experiments of the type described in Fig. 3A . The small amount and variable presence of receptor activity at or near the void volume prevented more thorough examination. When samples of bovine serum albumin or Triton-extracted human erythrocyte membrane proteins were similarly chromatographed and evaluated by the soluble receptor assay, no binding activity above background was seen. Taken together, the results of Fig. 3 are complementary and indicate a single elution position for the 125I-NGF-receptor complex or for the receptor alone.
The relationship between the partition coefficients (Kay) and corresponding Stokes radii for the standard proteins used to estimate the size the NGF receptor is shown in Fig. 4 The NGF receptor Stokes radius of 71 A is the same as that reported for the insulin receptor when similarly analyzed (16, 17) . Using insulin receptors from IM-9 lymphocytes, we confirmed this value (Fig. 4) . 
DISCUSSION
These studies provide estimates of the overall size of the intact NGF receptor as it may exist in the plasma membrane of responsive neurons. The most important conclusion that can be drawn from these data is that the NGF receptor is an intrinsic membrane protein with an apparent Stokes radius of 71 ± 5 A. That the NGF receptor is embedded in the membrane bilayer is indicated by the requirement for detergent to solubilize the protein. In our studies we have noted that, in the absence of detergent, the extracted receptor protein aggregates and precipitates, a property typical of an intrinsic membrane protein. (20) . Although the peptides are structurally homologous, their receptor recognition sites are mutually specific. Our results (Fig. 2) (21) . Although the observations reported herein have not revealed a subunit structure for the NGF receptor, it is premature to assume that it is composed of only a single polypeptide chain. However, the data presented in Fig.  3 , suggest that except for a small amount of apparently aggregated material, there is only a single species of NGF receptor. Identification of only one receptor moiety, at least in terms of size, is consistent with previous reports supporting the view that the nonlinearity seen in Scatchard analyses of binding data is due to negatively cooperative interactions within a single class of NGF receptor molecules (1, 2) .
Review of the current literature indicates that many nonionic detergent-extracted hormone receptors have similar apparent Stokes radii, in the range 62-72 A (16) (17) (18) (19) . Because the hydrodynamic behavior of membrane proteins is not determined exclusively by the solubilizing detergent (22) and because the apparent size of the receptors does not change significantly when deoxycholate is the solubilizing agent (18) , the similarity in Stokes radii is unlikely to be an artifact induced by the Triton X-100. Rather, it may reflect the fact that these hormone and growth factor receptors serve common functions-namely, the transfer of information from the extracellular space to the cell interior. On the other hand, because hydrodynamic behavior is dependent upon many factors, the similarities between the receptors may be purely coincidental and of little significance. Therefore, it follows that this similarity does not necessarily presage any structural homology. As further information about the NGF receptor and other peptide hormone receptors becomes available, the similarities and differences between individual hormone and growth factor receptors should become clearer. This information may allow the receptors to be grouped into classes that reflect their biochemical structures and possibly their mechanisms of action.
